AD-A015 015

EFFECTS OF TRYPANOCIDAL DRUGS ON THE REPLICATION AND
FUNCTION OF KINETOPLAST (MITOCHONDRIAL) DNA IN
TRYPANOSOMES

George C. Hill
Colorado State University

X Prepared for:

Army Medical Research and Development Command

20 August 1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE




Z @
g

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE  LEGIBLY.




SECURITY CLASHFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE REF)RE COMPLETING FORM
[V REPORT nuMaZ, 7. GOVT ACCESSION NOJ 3. RECIPIEN .S CATALOG NUMBER
4. TITLE (and Subtitie) S. TYPE OF RZPORT & PERMOD COVERED

EFFECTS OF TRVPANOCIDAL DRUGS ON '1lii XEPLICATION | Annual Progress Report
AND FUNCTION O KINETOPLAST (MIIOCHONDRIAL) DNA | Dec. 1, 1973 - Dec. 31. 1974

IN TRYPANOSOMES, §. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT ORGRANT NUMBER(S) |
George C. Hill DAMD -17-74-C-4046

9. PERFORMING ORGANIZATION NAME AND ADORESS 10. PROGRAM ELEMENT, PROJECT, TASK |
Colorado State University S ST e
Department of Pathology
Fort Collins, Colorado 80521

11. CONTROLLING OF FICE NAME AND ADDRESS 12. REPORY DAT
Office of Sponsored Research August 28. 175
Colorado State University 13. NUMBER OF PAGES
Fort Collins, Colorado 80521 ol

T4. MONITORING AGENCY NAME & AODORESS(!! different from Controlling Otfice) | 18. SECURITY CLASS. (of this report)

Same as Controlling Office
. T%a. DEC}.ASSIHCATION’ENNGRAD"‘G
SCHEDULE

e e—— e
16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the sbatrect entered In Block 20, If difterent from Report)

Same as report

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide If necessary and identily by dlock number) 1

Kinetoplast DNA, trypanocidal drugs, suramin, berenil, ethidium bromide, 1
trypanosomes, E. coli DNA and RNA polymerase.

The purpose of our studies has been to determine the effects of trypanocidal
drugs on the replication of kinetoplast (mitochondrial) DNA. Ve have also
been interested in determining the mode of action of trypanocidal drugs. Our
approach to resolving this problem includes investigating various enzymes in
host and trypanosomes, studying the effects of trypanocidal drugs on enzyme |
systems isolated from trypanosomes and studying the structure and transcrip- '
tion ability of purified kinetoplast DNA. We are interested in determining i
the unique selective toxicity of known drugs to trypanosomes.

20. ABDSTRACT (Continue on reveree eide If neceseary and identify by block number) i
4

]
DD , :2:"" 1473 eoition oF 1 wov 6315 OBSOLETE,
S/N 0102-014- 6501 | ]

SECURITY CLASSIFICATION OF THIS PAGE (#hon Data Entored) J



W T

LLLUMITY CLASSIPICATION OF THIS PAGEMWhen Dets Entered)

2.

3.

Our primary results and conclusions for the first year are:
Little homology oxists between C. fasciculata purified kinetoplast
and nuclear DNA;

The trypanocidal drugs berenil, ethidium bromide, antrycide, and
suramin inhibit E. coli DNA and RNA palymerases;

Suramin is a potent inhibitor of E. coli RNA polymerase. The
inhibition can be reversed by increasing concentrations of DNA

and enzyme;

Isolated mitochondria have RNA polymerase activity;

Action spectral evidence has conclusively demonstrated the presence
of cytochrome @ and cytochrome aa, in T. mega, B. culicis and

L. tarentolae.

SECURITY CLASSIFICATICN OF THIS PAGE(When Data Entered)

e s e i i

| T e



il

EFFECTS OF TRYPANOCIDAL DRUGS ON THE REPLICATION AND FUNCTION
OF KINETOPLAST (MITOCHONDRIAL) DNA IN TRYPANOSOMES

Annual Progress Report

George C. Hill

August 21, 1975

U. S. ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND
Woshington, D. C. 20314

Contract No. DAMD 17-74C-4046

Colorado State University
Fort Collins, Colorado 80523

DDC AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commrrce
Sprnnglield, VA. 2215




ABSTRACT

The purpose of our studies has been to determine the effects of
trypanocidal drugs on the replication of kinetoplast (mitochondrial)
DNA. We have also been interested in determining the mode of action of
trypanocidal drugs. Our approach to resolving this problem includes
investigating various enzymes in host and trypanosomes, studying the
effects of trypanocidal drugs on enzyme systems isolated from trypano-
sonmes and studying the structure and transcription ability of purified
kinetoplast DNA. We are interested in determining the reason for the
unique selective toxicity of known trypanocidal drugs.

Our primary results and conclusions for the first year are:

1. Little homology exists between C. fasciculata purified

kinetoplast and nuclear DNA; .

2. The trypanocidal drugs berenil, ethidium, bromide, and

suramin inhibit E. coli DNA and RNA polymerases;

3. Suramin is a potent inhibitor of E. coli RNA polymerase.

The inhibition can be reversed by increasing concentrations
of DNA and enzyme;

4. Isolated mitochondria have RNA polymerase activity;

5. Action spectral evidence has conclusively demonstrated the

presence of cytochrome o and cytochrome aaj in T. mega,

B. culicis and L. tarentolae.




FORWARD

In conducting the research described in this report, the investigators
adhered to the "Guide for Laboratory Animal Facilities and Care", as
proamulgated by the Committee on the Guide for Laboratory Animal

Resources, National Academy of Sciences - National Research Council.
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APPROACH TO Til C2CBLEM

The numerous and necessarily speculate points raised in our discussion
of trypanocidal drug action are now mostly capable of experimental
verification with currently available techniques and data from related
fields of cell biochemistry. Given the necessary attention, this largely
neglected but impcrtant field should yield results of considerable value,
not only for an understanding both of trypanocidal drug action and of
trypanosomal metabolism, but for cell biology in general. This is the
purpose of this contract. So far as trypanocidal drug design is concerned,
the era of intelligent empericism is unlikely to be superseded until the
balance of effort and expenditure on drug production is adjusted more
favorably in the direction of research on the metabolism of trypanosomes
and on the mechanisms whereby existing drugs exert their specific effects.

Our approach to the problem of developing new trypanocidal agent.
includes investigating:

1. The effects of trypanocidal drugs on enzyme systems isolated

from trypanosomes;

2. Detailed comparisons of homologous enzymes in host and

trypanosomes;

J. Unique cell components or metabolic pathways in parasites;

4. The basis of the selective toxicity of known drugs.
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115 BACKGROUND

African trypanosomiasis is confined to Africa by the distribution o:
its vectors. T. gambiense infection occurs over a broad belt from Senegal
in the west to the great lakes Victoria, Albert, Benguelo, and Tanzania
in the east, extending as far sough as north Angola. T. rhodesiense is
located in east and central Africa and is scattered over a longitudinal
band from the south Sudan to Mozambique. The importance of trypanosomiasis
of m.n and animals in Africa has been summarized recently by Kershaw (1) in
the statement:

"The World Health Organization in determining the ten

major health problems facing mankind places trypanosomiasis

of man and his domestic animals high on the list along with

malaria, cancer and heart diseases."

The need for new trypanocides cannot be overemphasized. At present,
chemctherapy of Afri:an trypanosomiasis is dependert on a relatively small
number of synthetic drugs (Figure 1). Suramin (I) and pentamidine (II) are
used for prophylaxia and treatment of early stages of the disease in man.
Organic arsenicals such as tryparsamide (II1) and melaminyl compounds (IV)

are used for advanced cases, when trypanosomes have invaded the central

nervous system. The disease in cattle and other domestic animals is con’' rolled

by quaternary ammonium trypanocides (Antrycide (V), Ethidium (VI),
Prothidium (VII), and related drugs) and by the aromatic diamidine, Berenil
(VII1). As pointed out recenti by Newton (2), resistance has been reported
to occur against all these drugs and development of resistance to one

compound 1s of ten accompanied by cross-resistance to another.
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In hymaa trypanosomiasis, there is still an urgent rc¢ju rement for a
cheap, simply o.ministered and well-tclerated, preferably "un~-shot" drug
which would be 2s effective a prophylactic as pentamidine and active
therapeutically against all stages of the infection in both Gambian and
Rhodesian sleeping sickness. It should also be incapable of inducing drug
resistance and active also against strains with acquired resistance to
other drugs.

Possibly the two requirements of proionged tissue retention (for
prophylaxis) and ability, to penetrate into the cent-al nervous system are
mutually exclusive, but with increusing knowledge of the structure and
function of the so-called "blood-brain barrier", this problem should not
be insuperable.

In none of the active drugs is the mode of action precisely known. An
excellent review on the mode of action of trypanocidal drugs has been
prepared by Williamson (3). More recent studies have suggested that
berenil and ethidium bromide form complexes with DNA. In the case of
ethidium, it is clear this drug is a potent and selective inhibitor of
DNA synthesis. It has been shown by several investigators that both
phenanthridines and acridines combine with DNA by the heterocyclic
chromophore of the drug molecules becoming inserted, or intercalated,
between the adjacent base pairs in the double-stranded helix of DNA. Such
intercalation is achieved by a partial uncoiling of the DNA hc¢lix which
results in the base pairs above and below the bound drug molecule becoming
separated by twice their normal distance (2).

More recently, it has been shown that phenanthridines also bind to

supercoiled DNA of the type found in certain tumor viruses, mitochondria of
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nanv - oL types and kinct o0 1in of trypanosomes. here is evidence ook

tlie e 125 bind prefoeren v to such DNA in vivo and give rise t
dysil plastic trypaposoacs (4) and "petite mut.ts" of yeast (5).
The molcecular basis of this: preferential binding i5 not yet fully

understocd. The findings that have been observed could adequately explain
the growth inhibitory activity of phenanthridine drugs but it remaius to
be established whether their primary action on bloodstream forms of
trypanosomes is to inhibit DNA synthesis.

Berenil, an aromatic diamidine, has been shown to interact with DNA
and can selectively block kinetoplast replication (6, 7). The earliest
reported effect observed ¢f berenil is the localization in the kinetoplast
of T. brucei. This has been detected by ultraviolet microscopy within an
hour of a curative dose being injected intraperitoneally into infected
mice and within seconds of the drug being added to an in vitro suspension
of trypanosomes (7). Recent work has shown that berenil can form
complexes with purified DNA, but in contrast to phenanthridines, there is
good c¢vidence that the complexes are not formed by intercalation (8).

A detailed examination of kinetoplast DNA isolated from berenil-
treated T. cruzi has shown that many of the small circular DNA molecules
appear as branched structures (6). These forms, which are thought to
be replicative molecules, are rarely seen in control preparations, suggesting
that berenil does not block the replication of kinetoplast DNA at initiation
but binds preferentially to certain specific points in the circular DNA
molecule. As for phenanthridines, it cannot be said what is the primary

effect of berenil or other diamidines on trypanosomes.
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The mode of -crtion of suramin remains enigmatic even afcor mnore than
a half century or use. In vitro expusuie Hf trypanosomes to suramin at
concentrations as low as 1072 M is known co reduce their inteccivity whereas
concentrations as” high as 102 M do not aflect the motility or respiration
of cells. As would be expected from its structure, the drug hinds avidly
to basic proteins and is known to inhibit many isolated enzymes (3).
The most sensitive enzymes examined appear to be hyaluronidase, inhibited
at 10-5-10"6 M, fumarase, inhibited at ca. 10~7 M, urease at pH 5
(ca. 1074 M), hexokinase (10~4-10"3 M), and RNA polymerase (10~5 M) (9).
The ready absorption of this drug by plasma proteins may well account for

the long retention time of the compound in man and animals and contribute

to its value as a prophylactic agent. The question of how a molecule as
large as suramin enters trypanosomes is an interesting one and it seems
possible that, when protein bound, suramin actively stimulates pinocytosis.
As with the other drugs that we have discussed, there is evidence that
suramin becomes localized in lysosomes. Again whether this is important
to the trypenocidal action of the drug or whether it is a secondary

phenomenon is unknown.




RESULTS AND 1) i5CUSSION

The resulcs shall be discussed in sections containing specific areas
that we have investigated. All the topics investigated relate to the

specific objectives of the project.

! A. Homology and Kinetoplast DNA and Nuclear DNA

E One of the specific objectives i3 related to determining the

functional capacity of K-DNA. In this regard we have attempted to study

the homology of the RNA synthesized in vitro which is complementary

to the C. fasciculata K-DNA used as template. Complementary RNA was

b synthesized with C. fasciculata RNA polymerases I and Il and E. coli

' RNA polymerase. The standard reaction mixture was increased 20 fold.
Purification of the complementary RNA was following procedures outlined
by Tabak and Borst (10). The results of these hybridization studies
are presented in reference 9. It was determined that the complementary
RNA did not hybridize with C. fasciculata nuclear DNA (N-DNA) but
did hybridize with K-DNA.

Regardless of the RNA polymerase employed, there was no difference

in the ability of the complementary RNA synthesized from C. fasciculata
K-DNA to hybridize with C. fasciculata K-DNA or N-DNA. The
complementary RNA hybridized 42-45% with K-DNA but only 17 with N-DNA.

Our results would suggest little homology between K-DNA and N-DNA.

The hybridization procedures employed detected little homology between

C. fasciculata K-DNA and N-DNA, regardless of the RNA polymerase

enzyme used to synthesize the complementary RNA (9).




8. Preparation oi Purified Kinetoplast andi “uclear DNA

Our initial c¢fforts were devoted towac!s obtaining a pure
preparation of C. fasciculata and Leptomonus sp. K-DNA and N-ilii.

This was obtained by procedures previously described (9). The

purity of the K-DNA and N-DNA preparations can be observed in Figure

T —

2 of Ref. 9. It can cledarly be seen that both preparations have only one

component of DNA present and is not contaminated by other cellular

DNA. We are proceeding to use Leptomonas sp. DNA because the organisms
are easier to break in order to isolate the DNA. They break at 100 psi.
In contrast, C. fasciculata is very resistant to breakage. In
addition, Leptomonas sp. 1s much more sensitive than C. fasciculata

to the trypanocidal drugs whose modo of action we wish to study. We
first observed this high sensitivity of trypanocidal drugs to this

organism (11).

C. Preparation of E. coli DNA and RNA Polymerases

These enzymes have been prepared by several procedurcs. The E.
coli DNA polymerase that we are using has bcen prepared by the method 1 1
of Jovin et al. (12). The E. coli RNA polymerase has been prepared by 3 3
the procedure of Chamberlin and Berg (13). The previous research
experience of Dr. Dalbow has been extremely helpful in preparing large

and purified quantities of these enzymes.

D. Preparation of Mitochondrial RNA polymerases from C. fasciculata |

This task has been extremely difficult but some preliminary success
has been obtained. Several approaches have been tried. Initially, we

studied the ability of mitochondria isolated from C. fasciculata to

—
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synthesiz2 RNA. Results from three experiments are¢ swuarized in
Table 1. The results demonstratc the ability of thes- niitochondria
to synthesize RNA.

Mitochondrial RNA polymerase is membrane-bould and its isolation
and purification usually leads to its instability. We have thus
attempted to isolated a K-DNA and RNA polymerase complex from C.
fasciculata. We hope that by isolating a transcription complex that
this would be more stable after isolation. The isolated transcription
complex was prepared by modifying the procedure used for isolating the
K-DNA. No proteolytic enzymes or RNase were added during the
isolation procedures. Advantage was taken of the property of the
kinetoplast netwcrk to be of such large molecular weight (e.g. 10 X
1010 daltons), so as to permit the separation of the K-DNA and RNA
polymerase from the N-DNA by sucrose density gradient centrifugation.
The results of a preliminary experiment are seen in Table 2. These
results demonstrate the sensitivity of the complex to DNase and RNase.
In addition the synthesis of RNA was sensitive to rifampicin, an
inhibitor of mitochondrial RNA polymerase.

While this procedure has produced positive results, we have
considered isolating an intact mitochondrial preparation from
Leptomonas sp. Then we shall evaluate the RNA synthesis activity in
the presence of trypanocidal drugs. In relationship to our specifi:

objectives, we shall then be prepared to characterize the properties

of the RNA synthesized in vitro by the K-DNA.
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. Effects of Vor' s Trypanocidal Drut: a _K-DNA-Directed R4: Dvnthesis
The purificd .. ‘1L DNA polymerase, io.e been used to study

in vitro the K-D'\-di-scted RNA synthesis. As can be seen by ""is

report, both Leptoncrzs sp. and C. fasciculata N-DNA and ¥ -DNA hive
been used. The properties of the enzyme system have been carefully
studied. The results of three experiments are summarized in Figures 2
and 3. The synthesis of RNA and K-DNA is dependent on the amount of
K-DNA present and the amount of enzyme. The concentration of K-DNA
used in these studies is 0.4 ug/60 ul of reaction or 13.3 ug/ml. The
concentration of E. coli RNA polymerase used was 0.05 ug/60 ul.

Table 2 in reference 9 presents the results supporting evidence for
the K-DNA-directed RNA synthesis. The reaction is dependent on DNA,
nucleotides and Mntt.

The effects of three trypanocidal drugs have been studied in order
to observe their effects on K-DNA directed RNA synthesis. These drugs
are ethidium bromide, berenil and suramin. The effects of these drugs
can be seen in Figure 4. The drug effect at the lowest concentrations
is ethidium bromide. The inhibition produced by berenil and suramin
can also be observed.

The inhibition of ethidium bromide and berenil was investigated to
sce if a preferential inhibition was observed for circular (K-DNA) or
line 'r (N-DNA) (Table 3). No preference for circular DNA was observed.
The effects of these trypanocidal drugs on the K-DNA-directed RNA
synthesis was studied when the K-DNA was native as well as alkaline
denatured. The average of results for three experimeuts for each drug

can be observed in Figures 4-6. There is a slight preferrence for
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native K-DNA bv ethidium bromide (Fi';i-2 5). Suramin iniisition is
significantly :reater with native ¥-o .2 (Figure 7). In ' ~1se of
berenil, a greater inhibition of K-Liii «lirected RNA synt :-.:: occurs

when the template i denatured.

The mode of action of these drugs is not known. As previously
mentioned in the background section, while these drugs arec effective
and inhibit trypanosomes, there remains to be a clear identification of
their mode of action. A continued investigation of their biochemical
effects on trypanosomes is necessary if we are to identify their

chemotherapeutic action.

F. Effects of Suramin on K-DNA-Directed RNA Synthesis

As noted in Figures 4 and 6, the trypanocidal compound suramin
inhibits K-DNA-directed RNA synthesis., This inhibition is markedly
decreased 1f the K-DNA is denatured and then used as template (Figure
7). We have devoted some time to studying the mode of z2ction of this
drug and how its inhibition can be reversed.

The kinetics of RNA synthesis in the absence and presence of
suramin are presented in Figure 8. RNA synthesis by DNA-dependent
RNA polymerase can be separated into three distinct processes:

1. Binding of enzyme to specific sites on the DNA template to

form a DNA-enzyme complex;

2. Initiation of RNA synthesis by reaction of the DNA-enzyme

complex with purine nucleotides to form a stabilized initiation
complex;

3. Polymerization of four kinds of nucleotides into RNA chain

under the direction of the DNA template.

bihd
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As can be scen 4 Uizure 8, suramin i bits the reaction * :dded
after initiation has  ccurred (at plus v inuces). Thus, surmin nust
pe inhibiting beyond tle initiation step o NA synthesis and 5odadly

at the polymerization level of transcription of K-DNA. It would thus
be preventing the polymerization of the nucleotides into an RNA chain
under the direction of the K-DNA template. Whether it also inhibits at
the binding or initiation levels cannot be conclusively demonstrated in
this experiment.

The next question we have tried to answer is what type of inhibition
is the suramin inhibition. The decrease in inhibition when the K-DNA
is denatured suggests that the secondary structure of the K-DNA is
important in surawin inhibition. Using native DNA we have determined
that K-DNA reverses the inhibition of suramin (Table 4 and Figure 9)
and that this inhibition is noncompetitive for the K-DNA (Figure 10).
The present inhibition of the suramin on the RNA polymerase is seen in
Figure 11.

Suramin inhibition of RNA synthesis could also be reversed bv
increasing concentrations of the enzyme. The results of these
experiments can be seen in Table 5 and Figures 12-15. Evidence is
presented in Figure 13 that the inhibition of suramin for the RNA
polymerase is competitive for enzyme. The inhibition is similar to the
type of inhibition reported for kanchanomycin (14). Kanchanomycin, an

antibiotic produced by a Streptomyces species, is also a non-competitive

inhibitor for DNA and a coumpetitive inhibitor for RNA polymerase.

Suramin inhibits the K-DNA-directed RNA synthesis but is most effective

. 2 - T — Sy
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if it has 2 chance to react witi: the RNA polymeras- "~Zare the K-DNA.
In Table 6 are presented the vr~s.lts of three experiziercs. If the
enzyme and K-DNA are pre-incubatcd, the inhibition bv .uramin is 30%
less than if suramin is pre-incubated with the K-DNA or enzyme.

Our hypothesis at the present time is that suramin competes with the
K-DNA for initiation sites on the RNA polymerase. We also believe

at high concentrations of suramin (0.25 mM) some allosteric inhibition
of the enzyme occurs. Whether the mode of action of suramin in

‘ vivo is on the DNA snd RNA synthesis in trypanosomes har, not yet been

determined.

G. Effects of Trypanocidal Drugs on K-DNA-Directed DNA Synthesis

The effects of ethidium bromide, berenil and suramin on K-DNA- )
directed DNA synthesis is presented in Figure 15. All three drugs
observed inhibited K-DNA replication in vitro. Again no preference
for circular DNA was observed. All three drugs observed inhibited
the K-DNA-directed DNA synthesis at lower levels than they inhibited
K-DNA-directed RNA synthesis. The concentration of DNA polymerase
(0.008 ug/60 ul) used was approximately 6-fold greater than the RNA

polymerase. Thus the greater inhibition of these drugs on the DNA

polymerase reflects a greater sensitivity of DNA synthesis to ethidium

bromide, berenil and suramin.

H. Identification of Cytochrome o by Action Spectra

In order to observe the effects of trypanocidal drugs on the

electron transport system, it 1s necessary to know all the components

of the cytochrome system in cyanide-sensitive trypanosomes. We have
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conclusively identificd, tvy photochemical reli:i of CO-inhibition o
tespiration, that cytoci:rome o is present in crypanosomes (15). ‘ihe

orginisms included Trypinosoma mega, Blastocrithidia culicis and

leishmania tarentolae. The electron system is thus branched with tvo

terminal oxidase (16). We are now in a position to determine what the
effects are of trypanocidal drugs on the formation of the electron

transport system.

—— TP —
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CONCLUS10N3
The first year of this contract has been productive. The miin

! conclusions are:

1. Little homology exists between C. fasciculata purified kinetoplast

J and nuclear DNA;
2. The trypanocidal drugs berenil, ethidium bromide, antrycide
and suramin inhibit E. coli DNA and RNA polymerases:
| 3. Suramin is a potent inhibitor of E. coli RNA polymerase. The
inhibition can be reversed by increasing concentrations of DNA
and enzyme;
4., 1Isolated mitochondria have RNA polymerase activity;
J 5. Action spectral evidence has conclusively demonstrated the
presence of cytochrome o and cytochrome aaj in T. mega,

B. culicis and L. tarentolae.
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RECOMMENDATIONS

As previously noted, the mode of action of trypanocidal drugs is not

known. We recommend a continued effort to determine the mode of action of

some of the more effective drugs including berenil, antrycide and suramin.
In these studies, we believe it is important and essential to couple the
investigation of the mode of action of these drugs in vitro with their
effects on pathogenic trypanosomes in mice or rats. These studies are
essential if we are to develop a more rational drug development approach.

We would recommend that careful consideration be given to the systems
to be used. It should be remembered that there is still no in vitro
model for the in vivo infection in mice or rats of trypanosomiasis. Ia
order to determine the mode of action of thg drugs, one must consider the
drug effects on the host-parasite syster:.

Support should be considered for studying the techniques required for
mairtaining the bloodstream forms in vitro. At the present time, this is
not possible for any significant period of time. In addition, more research
is needed on the pathobiology of trypanosomiasis. Little information is
available on the pathogenesis and pathology of this group of diseases which

make up the tsetse-transmitted animal trypanosomiasis of Africa.
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ELA 5 nthesis Capacity of “litochondrial Prepary fon from €. fancicul..ta
Additions Percont Inhibition

Preparation + RNase (100 piz3/ml) 47.8

4+ DNase (100 ug/ml) 11.1

+ rifamycin (0.25 mM) 29.9

4+ Suramin (0.25 mM) 4S8.5

+ acriflavine (0.25 mM) -

+ ethidium bromide (0.25 mM) -

20 sl of the mitochondrial preparation from C. fasciculata was added to

a total volume of 60 ul of reaction mixture. The inhibitors was pre-
incubated at 4°C for 5 minutes with the reaction mixture and then the
reaction was allowed to proceed for 30 minutes at 379C, Acriflavine
stirwulated the reaction 13% and ethidium bromide causcd a 167 stimulation.
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TABLE 2.

RNA Synthesis Capacity of C. fasciculata RNA Polymer.ise - K-DNA Complex

Additions Percent Inhibition
Complex + DNase (100 pg/ml) 100

+ RNase (100 pg/ml) 100

+ Rifampicin (0.25 mM) 41.5

+ Suramin (0.25 mM) 0

+ K-amanitin (40 ug/ml) 28.6

+ actinomycin D (0.25 mM) 40.6

20 pl of the transcription complex was added to a total volume of 60 pl
reaction mixture. The control counts were 327 cpm. The reaction with
inhibition was pre-incubated at 4°C for 5 minutes and then incubated at
370C for 30 minutes.

e E il bl A=
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TABLE 3.

Effect of Herenil and Ethidium Brox‘de on the E, goly WS

Polymeras» Rzaction Using Levtomonis sp. K-DNA and N- DA, {
Drug Percent Inhibition
Concentration X_DNA N-DNA
(mi)
Berenil
0.25 80.5 72.0
0.06 36.6 42,8
0.03 18.2 41.5

Ethidium Bromide

0.06 90.0 87.5
0.03 . 85.3 73.4
0.003 3.7 17.5

0.4 pg of Leptomonas sp. native K-DNA was present. The
final concentration of the E. coli RNA polymerase was
0.05 pg/h0pl. The total reaction mixture including drug
and enzyme was incubated at 40C for 5 minutes and then
at 379 for 30 minutes,




TASLE 4.

i* . act of Increasing

on the Iahibition or

rqcoentrations of C..

. coli RNA Polymeras

isciculata K-PUA

deaction by Sur.mi

DNA Suramin Percent
Concentration Concentration Inhibition
(ug/60 pl) (m)
0.4 - -
0.4 0.08 88.6
1.2 0.08 72.6
1 3.6 0.08 61.9
|
] The DNA concentration refers to the amount of native C. fasciculata
F K~DNA in the 60 pl reaction mixture. The final concentration of

enzyme was 0.05 pg/60ul. Suramin was incubated at 49C for 5
' minutes with the total reaction mixture and then the reaction was
! allowed to continue for 30 minutes at 37°C.
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TABLE 5.
Effect of it:-r-asing the Concu~tvlon of Enzyme an Surarin
Inhibition o1 £. coli RNA Poly:::r .. Reaction
‘ Enzyme Suranin Percent
Concentration Concentration Inhibition
(pg/60 pl) (m)
0.05 - -
0.05 0.125 97.7
0.30 0.125 71.0

] 0.4 pg of native Leptomonas sp. K-DNA was used as template.
Suramin was incubated at 4°9C for 5 minutes with the total
reaction mixture and then the reaction was allowed to
continue for 30 minutes at 379C.

WY
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TABLE 6.

Effect ot the Order of tiv» Addition ¢f Suramin, K-DNA and
Enzyme on the I[nhibition of the E. coli RNA Polymerase Reaction

Reaction Component () Percent
Mixture Added at Inhibition
Zero Time
Control DNA + Enzyme 0
Control DNA + Enzyme + 60.3
Suramin ¢
1]
Suramin + Enzyme 93.2 i
K-DNA . | §
Suramin + K-DNA 90.6
Enzyme
Enzyme + Suramin 63.6
K-DNA

Various components were added and icubated with the reaction
mixture for 5 minutes at 4°C. The final component was then added
and the reaction began by incubation at 379C for 30 minutes.

O.d‘pg of Leptomonas sp. K-DNA was present. The final concentration
of E. coli RNA polymerase was 0.05 ;8’69 pl.
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FIGURE LEGENDS

Structure of various trypanocidal drugs.

Effects of increasing concentrations of Leptomonas sp. K-DNA on
RNA synthesis. The concentration of E. coli RNA polymerase was
0.05 ug/60 ul.

Effects of increasing enzyme concentrations on the Leptomonas
sp. K-DNA-directed synthesis of RNA. The K-DNA concentration
was 0.4 pg/60 ul.

Effects of various concentrations of ethidium bromide, suramin
and berenil on Leptomonas sp. K-DNA-directed RNA synthesis.
The concentration of E. coli RNA polymerase was 0.05 ug/60 ul.
The concentration of K-DNA was 0.4 pg/60 ul.

Effects of ethidium bromide on Leptomonas sp. K-DNA-directed
RNA synthesis. Both native and alkaline-denatured K-DNA was
added. The concentration of F. coli RNA polymerase was
0.05 ug/60 ul. The DNA concentration was 0.4 ug/60 ul.

Effects of berenil on Leptomonas sp. K-DNA-directed RNA
synthesis. Both native and alkaline-denatured K-DNA was added.
The concentration of K-DNA used was 0.4 pg/60 ul. The
concentration of E. coli RNA polymerase was 0.05 ug/60 ul.

Effects of suramin on Leptomonas sp. K-DNA-directed RNA
synthesis. Both native and alkaline-denatured K-DNA was
added. The concentration of K-DNA used was 0.4 ug/60 pl. The
concentration of E. coli RNA polymerase was 0.05 ug/60 ul.

Kinetics of the suramin inhibition of Leptomonas sp. K-DNA-
directed RNA synthesis. 0.08 mM suramin was added just prior
to incubation and at 5 minutes after incubation.

Effects of increasing concentrations of Leptomonas sp. K-DNA
on suramin inhibition of RNA synthesis. The concentration of
E. coli RNA polymerase was 0.05 ug/60 ul.

Lineweaver - Burk plot of suramin inhibition of Leptomonas sp.
K-DNA-directed RNA synthesis as K-DNA concentration is
increased.

- — " . e e . e . e .




Figure 11. Effect of increasing K-DNA concentrations on the nhibition of !
Leptomonas sp. K-DNA-directed RNA synthesis by suramin. The 4
b E. coli RNA polymerase concentration was 0.05 ug/6J ul. i

Figure 12. Effect of increasing enzyme concentration on the inhibition by
suramin of Leptomonas sp. K-DNA-directed synthesis of RNA. The
| concentration of K-DNA was 0.4 ug/60 ul.

f Figure 13. Lineweaver - Burk plot of suramin inhibition of Leptomonas
sp. K-DNA-directed RNA synthesis as enzyme concentration is
increased.

Figure 14. Effect of increasing concentrations of enzyme on suramin
inhibition of Leptomonas sp. K-DNA-directed RNA synthesis.
The K-DNA concentration was 0.4 ug/60 ul.

Figure 15. Effect of various concentrations of ethidium bromide, berenil |
and suramin on the Leptomonas sp. K-DNA-directed DNA synthesis.
The concentration of K-DNA was 0.4 ug/60 ul. The concentration {
of E. coli CNA polymerase was 0.008 ug/60 ul.
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Figuaz
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